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Table 1
Time points with presence of a positive feature.
MRI biomarker Category y Cases N (%) Controls N (%) Odds ratio
(95% conﬁdence
interval)
Hoffa-Synwitis
absent 125 (35.2) 208 (58.6) Reference
ﬂuctuating 8 (2.3) 6 (1.7) 1.89 (0.56.6.41)
incident 39 (11.0) 10 (2.8) *9.52 p.94,22.99)
prevalent 183 (51.6) 131 (36.9) *2.50 (1.73,3.60)
Effusion-synovitis
absent 87 (24.5) 166 (46.8) Reference
ﬂuctuating 37 (10.4) 43 (12.1) *2.02 (1.15,3.55)
incident 94 (26.5) 51 (14.4) *4.54 (2.71,7.60)
prevalent 137 (38.6) 95 (26.8) *3.47 (2.23,5.41)
Bone marrow lesion
absent 147 (41.4) 222 (62.5) Reference
ﬂuctuating 34 (9.6) 28 (7.9) *1.96 (1.11,3.45)
incident 78 (22.0) 38 (10.7) *3.18 (1.55,5.17)
prevalent 96 (27.0) 67 (18.9) *2.32 (1.53,3.52)
Cartilage
absent 20 (5.6) 62 (17.5) Reference
ﬂuctuating 1 (0.3) 2 (0.6) 1.77(0.15,21.01)
incident 298 (83.9) 10 (2.8) *12.09 (4.33,33.77)
prevalent 36 (83.9) *3.53 (1.92,6.49)
Medial meniscus morphology
absent 177 (49.9) 264 (74.4) Reference
ﬂuctuating 0 (0.0) 1 (0.3) n/a
incident 63 (17.8) 6 (1.7)
prevalent 115 (32.4) 84 (23.7)
Lateral meniscus morphology
absent 283 (79.7) 312 (87.9) Reference
ﬂuctuating 0 (0.0) 2 (0.6) n/a
incident 23 (6.5) 2 (0.6) *12.64 (2.81,56.81)
prevalent 49 (13.8) 39 (11.0) 1.62 (0.98,2.68)
Medial meniscus extrusion
absent 261 (73.5) 327 (92.1) Referenoe
ﬂuctuating 0 (0.0) 0 (0.0) n/a
incident 76 (21.4) 5 (1.4) *36.33 (8.89,148.47)
prevalent 18 (5.1) 23 (6.5) 0.881 (0.45.1.72)
Lateral meniscus extrusion
absent 344 (96.9) 353 (99.4) Referenoe
ﬂuctuating 0 (0.0) 0 (0.0) n/a
incident 7 (2.0) 0 (0.0) n/a
prevalent 4 (1.1) 2 (0.6) 2.00 (0.37,10.92)
* statistically signifcant at p<0.05.
yCategories absent e knee that does not exhibit a feature at any of the time points;
ﬂuctuating e knee that shows feature at least at one of the time points including
baseline but not all time points; incident e knee does not exhibit the feature at
baseline but at least at one of the follow-up time points and all subsequent time
points; prevalent e knee exhibits feature at all time points.
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INCIDENT MRI FEATURES DURING 4 YEARS PRIOR INCREASE RISK
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Purpose: Knowledge about the early stages of knee osteoarthritis (OA)
is sparse. While large population-based studies applying MRI have
suggested that MRI-detected abnormalities are often present in persons
without radiographic evidence of disease, the clinical relevance of these
morphologic abnormalities is not known. Some of these may be pre-
cursors of disease while others may not have clinical or structural
relevance. In order to disentangle the potential relevance of MRI
structural lesions prior to the development of radiographic OA we used
a matched case-control design nested within the Osteoarthritis Ini-
tiative analyzing multiple time points up to 4 years prior to the occur-
rence of incident radiographic OA (P0¼visit when incident radiographic
OAwas diagnosed; P-1¼ visit prior reported incidence; P-2¼ two visits
prior incidence etc.).
The aimwas to test the hypothesis whether incidence and ﬂuctuation of
abnormal structural features prior to developing disease differs
between incident cases and non-incident controls.
Methods: Participants with a KLG0 knee and a contralateral KLG0 or
KLG1 knee were drawn from the OAI, a study of 4796 participants with
or at risk of knee OAwho had annual visits over 5 years. We studied 355
knees that developed incident radiographic OA on or before the 48
month visit deﬁned as incident deﬁnite osteophytes with or without
JSN. They were eachmatched 1:1 by gender and agewithin 5 years with
a control knee that did not develop incident ROA over this time period
with the same KL grade in both knees at baseline. MR images were
acquired at 3T systems and were read for subchondral bone marrow
lesions (BMLs), cartilage lesion status, meniscal damage (including tears
and extrusion), and Hoffa- and effusion-synovitis using the MOAKS
scoring system.
We stratiﬁed the sample into knees that did not exhibit any of the above
MRI features at any of the time points (i.e., absent), knees with incident
MRI features (i.e., was not present at baseline but was present at least at
one of the follow-up time points and all subsequent relevant time
points with available images until P0), knees where theMRI featurewas
ﬂuctuating (i.e., that showed a feature at least at one of the time points
including baseline but not all of them), and knees where the MRI fea-
ture was prevalent (i.e., exhibited a feature at all time points). Condi-
tional logistic regression adjusted to control for the clustering of knees
in an individual was used to assess risk of incident radiographic OA for
each of these subgroups using the group where the feature was absent
as the reference.
Results: 355 case and 355 matched control knees were included. Par-
ticipants were on average 60.2 years old (SD ± 8.6), predominantly
female (66.5%) and overweight (mean BMI 28.3 SD ± 4.4). The baseline
K-L grades for the matched pairs were 63 (17.8%) grade 0 in both knees,
76 (21.4%) grade 0 in one knee and grade 1 in the contralateral knee, 83
(23.4%) grade 1 in both knees, 59 (16.6%) grade 0 in one knee and grade
 2 in the other, and 74 (20.9%) grade 1 in one knee and grade 2 in the
contralateral knee. The case-deﬁning visit of radiographic OA incidence
was 12 months for 119 (33.5%), 24 months for 83 (23.4%), 36 months for
103 (29.0%), and 48 months for 50 (14.1%) knees.
In those knees where presence of a feature was incident between
baseline and any subsequent time point showed the greatest risk for
incident radiographic knee OA compared with the reference group,
with odds ratio (OR) of 12.09 95% CI (4.33,33.77) for cartilage and 9.52
95% CI (3.94,22.99) for Hoffa-synovitis) and a lesser risk for the preva-
lent group (e.g. OR ¼ 3.53 95% CI (1.92,6.49) for cartilage and OR ¼ 2.50
95% CI (1.73,3.60) for Hoffa-synovitis). The details of this analysis are
presented in Table 1.
Conclusions:We have shown that new development and persistence of
a feature prior to the case deﬁning visit bears a higher risk than knees
exhibiting that feature at every time point (prevalent ﬁndings), sug-
gesting that incidence of new features over time might play a more
important role than presence of any given feature alone.367
COMPARISON OF SUBCHONDRAL BONE DENSITY AND STRUCTURE
OF TIBIA MEASURED FROM PLAIN RADIOGRAPH WITH MICRO-
COMPUTED TOMOGRAPHY
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Purpose: The aim was to investigate the relationship between bone
density- and structure-related parameters from 2D plain radiograph
and corresponding 3D parameters assessed from the micro-computed
tomography (mCT) scans.
Methods: Right tibias from eleven human cadavers were imaged using
digital radiography (Ysio, Siemens, Germany, 63 kVp, 1.00-1.30 mAs,
pixel size: 139 x139 mm2). Subsequently, the bones were cut into halves
and both themedial and lateral condyles were imagedwith mCT scanner
(SkyScan 1176, Bruker, Belgium, 80 kV, 300 mA, isotropic voxel size of
17.4 mm) separately. To align the mCT slice stacks with the plain radio-
graphs, the mCT slices were oriented by comparing the 2D coronal
projection of the slice stack with the corresponding plain radiograph
from the same bone. Four regions-of-interest (ROIs) were extracted
from the tibia. Two ROIs (size: ~ 14 mm x 6 mm) were placed into the
able 2
earson correlation coefﬁcients between Eu.N and parameters from 2D plain
adiographs and 2D projection image from mCT separately for subchondral (n ¼ 22)
nd trabecular bone ROIs (n ¼ 22).
Plain radiograph 2D projection image
from mCI
GV GVmmA1 ELBP GV ELBP
Subchondral bone:
Eu.N -0.34 -0.50* -0.58** -0.57** -0.76**
Trabecular bone:
Eu.N -0.32 -0.52* -0.61** -0.61** -0.76**
*p<0.01, *p < 0.05.
Figure 1a) Correlations between GVmmA1 from plain radiographs and BV/
TV, b) between GV from 2D projection image from mCT slices and BV/TV, c)
between HLBP from plain radiograph and connection density (Conn.Dn),
and d) between ELBP from 2D projection image from mCT sliccs and
Conn.Dn.
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and two ROIs (~ 14 mm x 14 mm) immediately below the subchondral
bone plate in the trabecular bone. Anatomical landmarks for the ROIs
were tibial spine, subchondral bone plate, and outer borders of the
proximal tibia. A custom-made MATLAB software (MathWorks Inc.,
USA) was used for the manual placement of the ROIs. For the mCT data,
the ROIs were placed in the 2D coronal projection image from the mCT
slices. After that, ROIs were extracted from every slice of the mCT stack
separately. These mCT data (3D ROIs) were then evaluated using SkyScan
CTAn software (Bruker, Belgium). From the plain radiographs, mean
grayscale value of the ROI (GV) and aluminum step wedge thickness
that corresponds to the measured GV (GVmmAl) were calculated to
evaluate bone density. To evaluate bone structure, local binary patterns
(LBP) operator was applied to the radiographs after median ﬁltering
(3x3 pixels). From the generated LBP image, entropy (ELBP) was calcu-
lated. From the mCT 3D ROIs, conventional 3D parameters were calcu-
lated: bone volume fraction (BV/TV), bone surface density (BS/TV),
trabecular thickness (Tb.Th), trabecular separation (Tb.Sp), trabecular
number (Tb.N), fractal dimension (FD), Euler number (Eu.N), and con-
nectivity density (Conn.Dn). Furthermore, to simulate plain radiog-
raphy, every mCT slice was binarized and summed together to construct
2D coronal projection image from the 3D mCT data. From this projection
image, GV and ELBP were calculated similarly as from the plain radio-
graphs.To evaluate relationship between different parameters, Pearson
(r) correlation analysis was applied using IBM SPSS 22 software (IBM
SPSS, USA).
Results: Correlation coefﬁcients between 3D mCT parameters and
parameters from the plain radiograph and from the mCT projection
image with all ROIs pooled together (n ¼ 44) are shown in the Table 1.
Strong correlations between GVmmAl from the plain radiograph and BV/
TV (r ¼ 0.86, p < 0.01), and between GV from the mCT 2D projection
image and BV/TV (r ¼ 0.93, p < 0.01) were observed (Figure 1). Fur-
thermore, correlations between Conn.Dn and ELBP from both the plain
radiograph (r ¼ 0.58, p < 0.01) and the mCT 2D projection image (r ¼
0.73, p < 0.01) are shown in the Figure 1. Correlation between Eu.N and
parameters from the plain radiograph and the 2D projection image from
mCT were higher when subchondral and trabecular bone ROIs were not
pooled together (Table 2).
Conclusions: Current results indicate that estimates for both the sub-
chondral bone density (amount of bone within a volume) and structure,
evaluated from 2D plain radiographs, are signiﬁcantly related with the
corresponding 3D mCT measures. Correlation between bone density
estimated from plain radiograph and BV/TV was higher after the gray-
scale values in plain radiograph were calibrated to the aluminum step
wedge in image (GVmmAl) than without calibration (GV). However, it
should be noted that in this in vitro study the bones were not sur-
rounded with soft tissue, and therefore error/noise resulting from soft
tissue was not present in the measurements. ELBP seemed to correlate
better with connectivity measures (Eu.N and Conn.Dn) than the bone
density-related parameters did. Since Eu.N is dependent on the ROI size,
results were also shown for both subchondral and trabecular bone ROIs
separately.Table 1
Pearson correlation coefﬁcients between 3D mCT parameters and parameters from
2D plain radiographs and 2D projection image from mCT. All ROIs pooled together (n
¼ 44).
mCT parameter Plain radiograph 2D projection
image from mCT
GV GVmmAl ELBP GV ELBP
BV/TV 0.77** 0.86** 0.36* 0.93** 0.71**
BS/TV 0.65** 0.78** 0.51** 0.86** 0.80**
Tb.Th 0.70** 0.72** 0.05 0.73** 0.41*
Tb.Sp -0.58** -0.70** -0.51** -0.79** -0.77**
Tb.N 0.64** 0.76** 0.51** 0.87** 0.80**
FD 0.62** 0.75** 0.48** 0.87** 0.84**
Eu.N 0.25 0.16 -0.20 0.09 -0.22
Conn.Dn 0.44** 0.58** 0.58** 0.64** 0.73**
**p < 0.01, *p < 0.05T
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CORRELATION OF NON-DESTRUCTIVE ELECTROMECHANICAL PROBE
(ARTHRO-BST) ASSESSMENT WITH HISTOLOGICAL SCORES AND
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Purpose: The purpose of the current study is to investigate whether
electromechanical properties of articular cartilage in human tibial pla-
teau correlated with histological scores and unconﬁned compression
parameters as in human distal femurs (Sim et al., 2014).
Methods: Right and left tibial plateaus from six human donors (5 males
and 1 female, average age 48 years) were provided by RTI Surgical
(Alachua, FL, USA). Ex vivomappings of electromechanical properties of
entire articular surfaces were performed using the Arthro-BST. The
device calculates a quantitative parameter (QP) of cartilage electro-
mechanical activity corresponding to the number of microelectrodes in
contact with the cartilage when the sum of their streaming potential
reaches 100mV. A high QP indicates weak electromechanical properties
and vice-versa. Subsequently, osteochondral cores were harvested from
normal and visually abnormal regions on the tibial plateau. A total of 56
cores were tested in unconﬁned compression to obtain the ﬁbril
modulus (Ef), equilibrium modulus (Em), and permeability (k) prior to
histoprocessing. Safranin O-Fast Green-stained parafﬁn sections were
scored with the Mankin histological-histochemical grading system. The
electromechanical QP corresponding to each cored site was calculated
as the average of all QPs measured within 6 mm from the core center
location.
Results: As the electromechanical QP increases, safranin O/Fast Green
stained sections showed that GAG staining in the cartilage matrix and
structural integrity decreases (Fig. 1). A strong correlation was found
between electromechanical QP andMankin score (r¼ 0.50, p¼ 0.0004).
A strong correlation was also found between QP and Ef (r ¼ 0.73, p <
0.0001; Fig. 2A) and QP and permeability (log k) (r ¼ 0.64, p < 0.0001;
